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Current  Air  Force  policy  restricts  pilots,  with  even  minimal  coronary  artery  disease  (CAD),  from  flying 
high-performance  aircraft.  Liberalization  of  this  pcNicy  is  being  considered,  but  add'itionai  data  are  needed  for  a 
more  informed  decision.  Eleven  miniature  swine  (MS)  were  placed  on  a  high  chotesteroVhigh  fat  diet  for  1  year. 
Five  additional  MS  were  maintained  on  a  standard  coiftrol  swine  diet  (no  cholesteroO  over  the  same  time.  A  vascular 
access  port  (VAP)  was  surgically  placed  into  the  superior  vena  cava  The  16  unanesthe^ized  MS  were  +Gz-stressed 
one  or  two  tknes  each,  using  an  alternating  4-8  *Gz  simulated  aerial  combat  maneuver  (SACM)  with  10  sec  at  each 
•i-Gz  level.  The  MS  were  protected  with  an  abdominal  bladder  anti-G  suit  At  the  end  of  the  SACM,  Tc-99m  was 
infused  kito  the  VAP  and  the  MS  were  scanned  for  myocardial  perfusion  appnndmately  1  h  later.  Three  MS  died 
beftire  data  collection,  one  at  6  mos  and  two  at  9  mos.  Histr^athology  showed  moderate-to-severe  CAD  in  the 
three  MS.  Control  and  experimental  plasma  cholesterol  levels  (mg%)  were:  total  s  77  and  422;  ratio  s  2.3  and 
8.6;  LDL  ■  35  and  353,  respectively.  Dysrhythmias  and  T-wave  alterations  during  -t-Gz  were  seen  equally  in  both 
the  corftroi  and  experimental  MS.  However,  ST-T  segment  changes  during  -r-Gz  were  observed  in  ail  of  the 
Cholesterol  MS.  but  not  in  the  control  MS.  Coronary  histopathology  showed  normal  vessels  from  the  control  MS 
«id  stenoses  ranging  from  0-95%  from  the  cholesterol  MS.  There  was  a  positive  relationship  between  ST-T 
changes  and  abnormal  myocardial  perfusion  scans.  Additional  MS  studies  are  planned  to  identify  the  severity  of 
CAD  at  the  earliest  detectable  indication  of  ischemia  during  -r-Gz  and  treadmill  ^ress. 
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INTRODUCTION 


Current  Air  Force  policy  restricts  pilots,  with  even  minimal  coronary 
artery  disease  (CAD),  from  flying  high-performance  aircraft.  Liberalization 
of  this  policy  is  being  considered;  however,  additional  data  are  needed  for  a 
more  informed  decision.  The  objective  of  this  study  was:  Determine  if  minimal 
CAD  results  in  measurable  ischemia  or  cardiac  dysfunction  in  -t-Gx- stressed 
miniature  swine  (MS);  if  not,  determine  the  level  of  CAD  where  ischemia 
occurs. 


METHODS 


Sixteen  female  MS  with  an  average  weight  of  32.5±1.6  Kg  were  used  in 
this  study.  Baseline  coronary  angiograms  were  performed  on  all  of  the  MS  to 
define  any  preexisting  CAD  or  coronary  abnormalities.  Eleven  of  the  MS  were 
placed  on  a  high  cholesterol/high  fat  diet  (1.5%  cholesterol  and  15%  beef 
tallow)  for  1  year.  The  remaining  five  control  MS  were  maintained  on  a 
standard  laboratory  swine  diet  (no  cholesterol)  over  the  same  time  period. 

A  vascular  access  port  (VAP)  for  blood  sampling  and  isotope  injection 
was  placed  into  the  superior  vena  cava  through  the  external  jugular  vein,  and 
brought  subcutaneously  to  the  neck  behind  the  ear.  The  animals  were  sampled 
monthly  for  serum  cholesterol  (total,  LDL,  HDL,  ratio,  and  triglycerides)  and 
weighed. 


The  16  MS  were  -t-Gi-stressed  using  an  alternating  4-8  -t-G,  simulated 
aerial  combat  maneuver  (SACM)  profile  (10  sec  at  each  -fG,  level).  Continuous 


ECG  monitoring  during  -t-G,  used  a  10-lead  chest  and  limb  system.  The  MS  were 
protected  with  an  abdominal  bladder  antl-G  suit.  Tc-99m  labeled  Cardiol Ite 
(DuPont)  was  Injected  Into  the  VAP  during  the  last  10  sec  of  the  SACM  profile; 
the  MS  were  scanned  for  myocardial  perfusion  approximately  1  h  following  -i-Gi 
using  SPECT  Imaging  techniques.  An  attempt  was  made  to  subject  each  animal  to 
+G,-stress  at  least  twice  for  reproducibility. 

At  necropsy,  the  MS  were  anesthetized  with  sodium  pentobarbital  and  the 
heart  was  retrograde  perfused  through  a  cannula  placed  In  the  aorta.  The 
perfusion  was  Initiated  with  a  5%  dextrose  solution,  followed  by  buffered 
glutaraldehyde  when  the  effluent  from  the  heart  became  clear.  After  soaking 
the  heart  In  formaldehyde,  the  coronary  arteries  were  sampled  by  taking 
approximately  5-mm  sections,  with  surrounding  tissue,  at  a  number  of  locations 
along  the  left  circumflex,  left  anterior  descending  (LAD),  right,  and  the 
posterior  descending  coronary  arteries.  The  papillary  muscles,  as  well  as 
other  areas  of  the  myocardium  were  also  Investigated  for  evidence  of  CAD. 

Other  tissue  studied  were:  aorta,  pulmonary  artery,  left  atrium,  right  atrium, 
lung,  liver,  and  kidneys.  The  coronary  artery  tissues  were  observed 
histologically  for  evidence  of  CAD  and  percent  cross  sectional  stenosis.  The 
other  tissues  were  Investigated  for  pathologic  change  related  to  the  diet. 

RESULTS 

Three  of  the  MS  died  before  centrifuge  data  collection;  one  died  at  6 
months  and  two  died  at  9  months.  Histopathology  showed  moderate- to -severe  CAD 
In  the  three  MS. 
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There  were  no  significant  differences  In  heart  rate  (HR)  between  the 
control  and  cholesterol  NS  during  the  1st  -fG,  exposure.  However,  there  was  a 
significant  (p<.003)  decrease  In  HR  at  1  min  post  -fG,  during  the  2nd  exposure 
of  the  control  MS,  compared  to  the  cholesterol  MS. 

Dysrhythmias,  such  as  sinus  tachycardia  (ST),  PVCs,  sinus  bradycardia 
(SB),  and  ventricular  tachycardia  (VT),  as  well  as  T  wave  and  P  wave  changes 
and  axis  shift  were  observed  equally  In  both  control  and  cholesterol  NS  during 
all  -t-G,  exposures. 

None  of  the  control  MS  had  ST  segment  elevation  during  any  of  the  -t-G, 
exposures.  Moreover,  there  was  no  stenosis  found  In  any  of  the  control  NS. 

ST  segment  elevation  of  up  to  4  mm  was  seen  In  leads  II,  III,  aVF,  V5  or  V6  of 
the  cholesterol  MS.  Seven  of  seven  cholesterol  NS  exhibited  ST  segment 
elevation  during  their  1st  -fG,  exposure,  associated  with  abnormal  Tc-99m  scans 
In  5  of  6  of  those  MS;  whereas  ST  elevation  was  observed  In  3  of  4  NS  during 
the  2nd  exposure  and  2  of  those  4  NS  showed  abnormal  Tc>99m  scans.  Single 
site  stenosis  In  the  cholesterol  MS  ranged  from  0%  to  95%  In  the  proximal, 
mid,  and  distal  regions  of  the  left  circumflex,  LAD,  right,  and  posterior 
descending  coronary  arteries,  with  aggregate  stenosis  over  the  whole  heart 
ranging  from  0%  to  800%. 

Septal,  lateral,  and  posterior  left  ventricular  wall  Ischemia  were 
observed  using  the  Tc-99m  perfusion  scans.  Apical  Ischemia  was  masked  by 
apical  thinning,  seen  In  both  control  and  diseased  NS,  and  therefore,  could 
not  be  diagnosed. 
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SUMMARY 


The  frequency  and  type  of  dysrhythmias  were  seen  equally  in  control  and 
cholesterol  MS.  Elevated  ST  segment,  indicative  of  myocardial  ischemia,  was 
seen  only  in  the  cholesterol  MS  and  was  positively  related  with 
histopathologic  coronary  stenosis,  and  to  a  lesser  degree  with  Tc-99m 
perfusion  scans.  The  MS  has  proved  to  be  an  excellent  model  for  diet-induced 
CAO,  as  well  as  an  excellent  model  for  +G,- induced  myocardial  ischemia  in  the 
diseased  animal.  However,  the  rapid  development  of  moderate-to-severe  CAD  in 
this  study,  and  the  unexpected  early  animal  deaths,  did  not  provide  adequate 
data  to  evaluate  the  ischemic  response  to  minimal  CAO.  Additional  MS  studies 
are  planned  to  identify  the  severity  of  CAD  at  the  earliest  detectable 
indication  of  ischemia  during  +G,  and  treadmill  stress. 
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